
The ambient illumination
(LUX) which maintains 
specular reflections of white
and black objects below the
visual contrast threshold (Ct)
is tabulated for specific
Rs and Lmin values.
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preva i l i ng ambient lu m i n an ce. In plan n i ng a PACS instal la-
t ion, careful at te n t ion sh ou ld be given to the ch arac ter i st ics
of the di splay dev ices to be us ed in relat ion to the ambie n t
l igh t i ng.
Am bient Light Level s

The light level in a ro om is des c r i b ed by the amount of
l ight th at st r i kes par t icu lar su r faces of interest, a m bient illu-
m i n an ce (Lux ). C on dit ions vary th rough out the hospital
e nv i ronment from below 10 Lux in di ag n o st ic re adi ng
ro oms (x-ray) to over 300 Lux in em ergency trau ma an d
su rg ical ro om s. The fol low i ng ambient con dit ions were
m e asu red at a spec i f ic fac i l ity and are typical for the fu n c-
t ions listed. Ac t ual values for a par t icu lar ro om may var y
depe n di ng upon the ligh t i ng systems ut i l i zed.

For a par t icu lar ro om, the po sit ion of a di splay dev ice in
relat ion to the ro om ligh t i ng must be con sidered along with
the reflec t ive proper t ies of the dev ice bei ng instal led, i. e.,
an t i - glare or an t i - reflec t ive coat i ngs or non e.

Ambient Lighting’s Impact on
PACS Softcopy Viewing

D i ffuse reflec t ions pro duce a relat ively uniform lu m i-
n an ce to the entire di splay su r face. In dark reg ions of th e
i mage, this ambient lu m i n an ce can be larger th an the image
br igh t n ess if the illu m i n an ce of the su r face is too gre at. I n
th ese reg ion s, the con t rast ass o c i ated with small de tail will

he softcopy image you see on the CRT s c ree n
is the sum of reflec ted ambient light from th e
ro om added to the inte n ded image. How on e
de als with this is impor tan t. Vital infor mat ion
can be lo st to the eye if the di splay lu m i n an ce
of the image data on the screen is below th e

Am bient Light Reflec t ion

Reflec ted ambient light com es in two flavors for con sid-
erat ion in the hospital / PACS env i ron m e n t. The proper ter-
m i n ology is specu lar and di ffuse reflec tan ce. In each cas e
the light energy is st r i k i ng the faceplate of the CRT an d
i n terac t i ng with the glass, the ph o sph or st ruc t u re and any
op t ical coat i ngs to cause reflec ted ar t i fac ts. Good image
q ual ity is obta i n ed by ma i n ta i n i ng the inte n sity of ligh t
st r i k i ng the di splay su r face at a low level — the obvious
s olut ion isn’t always the most re al i st ic to implement in a
h o spital — so how and wh at can be done with the two fla-
vors of ambient ligh t ?

Specu lar reflec t ions pro duce mirrored images of objec ts
in the ro om to appe ar on the di splay su r face. T h ey are par-
t icu larly notice able in dark are as of the image wh ere th ei r
st ruc t u red appe aran ce pro duces con fusi ng fe at u res wh ich
can mask infor mat ion in the image. The specu lar
reflec tan ce ch arac ter i st ics of a par t icu lar dev ice is ch arac ter-
i zed by a co eff ic ie n t, Rs ,wh ich is the rat io of the lu m i n an ce
of the virtual appe aran ce of a reflec ted object to the ac t ual
lu m i n an ce of the objec t.

Table 2 - Maximum Room Lighting
(Specular Refl. Limit)

Lmin Ct .002   .004  .008   .020   .040 = Rs
20      .007       244    122     61      24      12
10      .008       140      70     35      14        7       Max
4       .012         84      42     21        8        4   = Room
2       .017         59      30     15        6        3      Lux
1       .024         42      21     10        4        2
Lmin in cd/m2

Table 1: Typical Ambient Lighting (In Lux)
Operating rooms 300 - 400 
Emergency medicine 150 - 300
Clinical viewing areas 200 - 250
Staff offices 50 -180
Diagnostic reading rooms (CT/MR/NM)   15 - 60
Diagnostic reading rooms (x-ray) 2 - 10

be markedly reduced. The effect is
si m i lar to plac i ng a sem i - t ran spare n t
veil over the su r face of the di splay.
The di ffuse reflec tan ce ch arac ter i st ics
of a par t icu lar dev ice is ch arac ter i zed
by a co eff ic ie n t, Rd , wh ich relates th e
lu m i n an ce obser ved on the su r face
when the dev ice is turned off to th e
i l lu m i n an ce of the su r face under par-
t icu lar ligh t i ng con dit ion s. This coef-
ficient has units of luminance per
illuminance typically expressed as cd/m2 per Lux.
Gu idel i n es for ro om ligh t i ng

With a knowledge of the specu lar and di ffuse reflec tan ce
ch arac ter i st ics of a par t icu lar dev ice, a limit of the accep table
a m ount of ambient light may be spec i f ied. Separate criter i a
n eed to be con sidered for the maximum ambient ligh t i ng
th at will pro duce accep table con t rast lo ss for di ffuse reflec-
t ions and accep table ar t i fac ts from specu lar reflec t ion.
Henry Ford He alth System has developed a set of tables to
establ i sh the maximum amount of ambient ligh t i ng (Lux )

Table 3: Maximum Room Lighting
(Diffuse Refl. Limit)

Lmin .005   .010   .020   .040   .060 = Rd nit/Lux
20         1000   500    250    125      83
10           500   250    125      62      42       MAX
4            200   100      50      25      17   =  ROOM
2            100     50      25      12        8       Lux
1              50     25      12        6        4

Lmin in cd/m2

The ambient illumination
(Lux) which reduces  image
contrast in dark regions by
20% is tabulated  for specific
Rd and Lmin values 

th at sh ou ld be al lowed for a par t icu-
lar di splay system wh ich are pres e n t-
ed in the fol low i ng as a ge n eral
g u ideline for oth er organ i zat ion s.

D i rect reflec t ions from any ligh t-
i ng fixt u res sh ou ld always be el i m i-
n ated by appropr i ate placement of
the mon itor. However, it is still neces-
s ary to reduce specu lar reflec t ion s
f rom any wh ite / black objec ts such as
a dark tie on a wh ite sh i r t. The lu m i-
n an ce of the wh ite por t ion of such an
o bject depe n ds on the illu m i n at ion
f rom ambient ligh ts. Reduc i ng the ambient illu m i n at ion can
reduce the con t rast between the wh ite and black reg ion s. An
appropr i ate criteria is th at the con t rast of such objec ts be
b elow the visual con t rast th resh old wh ich var ies with image
br igh t n ess. Refer r i ng to table 2, if a di splay with Rs = .0 04 is
set up with the minimum br igh t n ess, L m i n, e q ual to 2
cd / m 2, then the ambient ro om ligh t i ng sh ou ld pro duce an
i l lu m i n an ce on the screen no gre ater th an 30 Lux. If the illu-
m i n an ce needs to be reduced, eith er the po sit ion of the mon-
itor in the ro om or the amount of ro om ligh t i ng sh ou ld be
ch anged.

The di ffuse reflec t ion of light from a di splay su r face adds
an unst ruc t u red con stant lu m i n an ce to the image wh ich
reduces the con t rast in dark reg ions of the image. The rela-
t ive ch ange in con t rast pro duced by ambient illu m i n at ion



sh arp con t rast edge of a la mp or
wh ite lab coat wal k i ng by. Lo st
i n for mat ion from di ffuse reflec tan ce
le aves no war n i ng flags behind an d
sh ou ld th erefore be tre ated with th e
same due di l ige n ce as spec i f y i ng th e
di splay per for man ce.
Plan n i ng for Your PAC S
e nv i ron m e n t

The di ag n o st ic re adi ng ro om has
by far the most con t rol led ligh t i ng
and affords the maximum dy n a m ic
range for the di splay and the human
v i sual system (HVS) com bi n at ion.
In th ese ro om s, a minimum lu m i-
n an ce of ab out 1 cd/m2 (.3 fL) can
often be us ed with out intro duc i ng
degradat ion from reflec t ion s. To
ma i n tain the image br igh t n ess with-
in the eyes sensory range (after
adap tat ion) the maximum lu m i-
n an ce sh ou ld be ab out 250 times th e
minimum lu m i n an ce. A h igh er pe a k
lu m i n an ce wou ld re q u i re the eye to
adapt up ward, lo si ng the lower
ton es. T h us, a mon itor with a pe a k

lu m i n an ce of 250 cd/m2 (75 fL) can
be us ed for di ag n o st ic re ads in a
con t rol led env i ron m e n t.

The same di splay placed in an
em ergency trau ma ce n ter wou ld
degrade a large por t ion of a di ag n o s-
t ic di splays infor mat ion si n ce both
specu lar and di ffuse reflec t ion s
wou ld be well ab ove the lu m i n an ce
of the lower gray ton es. With th e
h igh ambient ligh t i ng in such ro om s
and the same criteria as ab ove, di s-
plays with a minimum lu m i n an ce of
ab out 10 cd/m2 (3 fL) and a max i-
mum lu m i n an ce of ab out 2500
cd/m2 (730 fL) are re q u i red.
Softcopy dev ices with this br igh t-
n ess are not ava i lable. It is par t icu-
larly impor tant to po sit ion dev ices in
th ese ro oms such th at the illu m i-
n an ce of the su r face is sh ielded from
the high light levels found in the nor-
mal work i ng are as.

Since the available solution is not
to be found in a 2500 cd/m2 dis-
play, reducing the influence of the

sh ou ld not be less th an ab out .8 to
pres er ve good con t rast tran sfer. T h e
fol low i ng tabu lates the max i m u m
a m bient ligh t i ng limit or a di splay
w ith a spec i f ic di ffuse reflec t ion
co eff ic ient and minimum lu m i n an ce
s e t t i ng. Refer r i ng to table 3, if a di s-
play with Rd = .02 is set up with th e
minimum br igh t n ess, L m i n, e q ual to
2 cd / m 2, then the ambient ro om
l igh t i ng sh ou ld pro duce an illu m i-
n an ce on the screen no gre ater th an
25 Lux. If this is the same mon itor as
ab ove, the di ffuse reflec t ion limita-
t ion of 25 Lux is ab out the same as
the specu lar reflec t ion limit of 30
Lux. Aga i n, if the illu m i n an ce needs
to be reduced, eith er the po sit ion of
the mon itor in the ro om or th e
a m ount of ro om ligh t i ng sh ou ld be
ch anged.

D i ffuse reflec tan ce is the ste alth i-
er of the two reflec t ion pro blem s
si n ce it effec ts the entire scree n
s om ewh at unifor m ly, th ere by not
cal l i ng at te n t ion to its elf like th e

bright room is as good as finding
more luminance range in the dis-
play. The best vehicle for this is an
Anti-Reflective (AR) coating. AR
coat i ngs are mult i - layers of ligh t
ab s or bi ng mater i al th at can be
thought of as a light sponge. High
quality AR coatings reflect less than
.3% of the incident light over the
majority of the visible spectrum.
Since AR coatings are applied to
glass substrates which are in turn
bonded to the CRT faceplate, tinting
of the glass is also possible. This
property aids in contrast enhance-
ment since any incident light not
captured by the AR will be attenu-
ated twice — going in and coming
out of the glass structure. Two lev-
els of tint are standard at 90 and 60
percent tran sm it tan ce. Here th e
tradeoffs with total luminance and
MTF need to be considered in the
s elec t ion pro cess for softcopy in
high ambient conditions. Whatever
your ambient conditions, plan for
them with knowledge. ◗
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